The major purpose of present study, is investigation of the ZIF-8 membrane performance for various configurations, namely; single stage, series multistage and countercurrent recycle cascade (CRC), during separation of propylene from propane and other gases. To this aim, a balck-box model was developed using Pro II software vesion 9 and its validation was carried out by comparing the simulation results with experimental data. The results of simulation validation illustrated a good agreement between theoritical results and experimental data. After simulation validation, for propylene separation, various configurations of ZIF-8 membrane process (single stage, series multistage and countercurrent recycle cascade (CRC) multistage) were compared and the best results were achieved for CRC configuration. In this work, the influence of the some significant operating parameters, namely pressure gradient, feed molar flow rate and membrane surface area on the performance of ZIF-8 membrane was studied in term of purification efficiency of propylene. In general, the simulation results showed that the ZIF-8 membrane presents acceptable performance to produce high purity propylene. It can be concluded that the propylene composition in the permeate side was decreased by membrane surface area, while the feed flow rate and pressure gradient effects were different. However, increasing of feed flow rate indicated the enhancement of propylene molar fraction in retentate side and consequently this result showed decreasing of the membrane performance.
INTRODUCTION
The separation of olefin from paraffin (such as propylene from propane) is one of the most significant processes in the petrochemical industry. In general, this separation is carried out by cryogenic distillation [1] . A typical propylene/propane distillation tower needs a large number of stages up to 200 and high reflux ratios around 20 because of the low volatility coefficient of propylene/propane mixture [2] , which makes it as an uneconomical process in petrochemical industry. To decrease energy consumption, membrane-based processes have been considered as one of the most promising alternative [3] [4] [5] . For propylene/propane separation, various types of membranes have been presented such as polymers [6] [7] [8] [9] , carbon molecular sieves [10] [11] [12] [13] [14] [15] , zeolites [16] [17] [18] and facilitated transport membranes [19] [20] [21] [22] [23] [24] . However, practically all of mentioned membranes are limited by some key disadvantages. Regarding to literatures [25] , it has been proposed that the membranes with permeability higher than 1 barrer and selectivity values more than 35 can be applied instead of cryogenic process for propylene purification. Nevertheless, almost all the presented polymeric membranes cannot cover the above requirements in permeability and selectivity simultaneously. On the other hand, zeolite membranes like Faujasite and ETS-10 have depicted promising single-component separation performance, but the selectivity dropped considerably for mixtures. On the other hand, the carbon molecular sieve (CMS) and facilitated transport membranes can cover the mentioned necessities; however, CMS membranes are difficult to scale up [5] , and also facilitated transport membranes suffer from long-term stability owing to poisoning of the propylene-selective carriers. Hence, zeolitic imidazolate frameworks (ZIFs), as a new type of ordered porous zeolite, have developed as candidates for fabricating novel molecular sieve membranes due to their zeolite-like uniform pore size, and exceptional thermal and chemical stability [26, 27] . In recent years, a few types of ZIF membranes have been successfully synthesized and illustrated promising performances in gas separations [28] [29] [30] [31] [32] [33] [34] [35] .
In the other way, in most cases, it is well known that higher driving forces are favorable for the effective performance of the membrane processes. Indeed, operating conditions and the membrane process configurations determine the driving force magnitude and its distribution inside the membrane cell. Nevertheless, there is no comprehensive analysis about the ZIF-8 membrane performance in propylene/propane separation. In fact, there is no viewpoint about effects of ZIF-8 membrane process configurations and some operating parameters such as membrane surface area, feed flow rate and pressure gradient on propylene stream purity.
On the other hand, to investigate effects of membrane configurations and operating parameters, simulation study without high cost of experimental works can play essential roles. Nonetheless, as our best knowledge, there are no theoretical studies for analyzing of the ZIF-8 membrane performance in propylene purification. Hence, the major aim of this study is evaluation of the ZIF-8 membrane performance in different configurations for propylene separation. Therefore, in present work, as a first approach, propylene separation using the ZIF-8 membrane from a typical gas stream in olefin unit is evaluated for various configurations of membrane process, namely single stage, series multistage and CRC multistage. A set of simulation yields are then provided which illustrate some significant points about the application of ZIF-8 membrane in propylene separation versus various membrane surface areas, feed flow rate and pressure gradients.
THEORETICAL WORK
A commercial software package, namely Pro II version 9 for separation of propylene form propane by considering the characteristics of ZIF-8 membrane was used and a simple scheme of single-stage configuration is presented in Figure 1 .
In this theoretical analysis, a typical petrochemical gas stream (C 3 H 6 , C 3 H 8 , C 4+ and C 5+ ) fed to ZIF-8 membrane. Indeed, this model was applied for various configurations of membrane process: single stage, seies multistage and CRC multistage.
The governing assumptions in this study are as follows:
• The permeation rates follow Fick's law.
• The permeance of each gas component is the same as that of the achieved values during pure gas tests [36] .
• In the permeation direction, concentration gradients are negligible.
• Pressure drops of the feed and permeate gas streams are not considerable.
• A plug flow situation exists in the feed and permeate streams.
The mass transfer of each species through the ZIF-8 membrane is assumed to be considered by its local driving force [37] . According to the ZIF-8 membrane structure, all species can permeate through the membrane. Therefore, in general form, permeating flux through the membrane for each component can be defined by the following equation:
where Pe i is the permeance for species i and P i,retentate , and P i , permeate are the partial pressure for species i in the retentate and permeate sides, respectively.
Series Multistage Membrane Configuration
In most membrane separation processes, it is not possible to achieve high product purity and high recovery of both permeate and residue products. This is especially true in cases like olefin separation process, where the mixture to be separated is multicomponent, and its constituents have similar physicochemical properties. Under these circumstances, it is necessary to apply a multistage configuration [38] . A straightforward method, then, to increase the product purity is to connect a suitable number of permeators in series, as shown in In the enriching section, the permeate stream from each permeator is recompressed and used as feed in the next permeator, while in the stripping section the residue stream is fed to the next stage. It should be noted that the number of stages in the enriching and stripping sections depends on the desired purity of the top and bottom products, respectively. A serious disadvantage of the series multistage configuration is the production of many side-products which cannot be utilized, while the desired final products only a small fraction of the feed. Therefore, it is evident that the non-recycle cascade schemes involve the discharge and non-utilization of a considerable amount of the starting material. The loss increases sharply when high product purities are required, and thus, many membrane stages are necessary. However, in cases where the starting material is of high value, recycling of the side-products is mandatory to improve product recovery.
Counter-Current Recycled Configuration (CRC)
The CRC is a multistage design scheme where the separation of the starting feed (F) leads to the production of only two final products, the top (P) and the bottom (R), while the intermediate side-streams are recycled. Therefore, the CRC style achieves significantly higher yields compared to the non-recycle cascades discussed in the previous section. A CRC is divided into two sections, the enriching one and the stripping one. The feed is introduced between the enriching and the stripping sections. In analogy to conventional stage operations (e.g. distillation), a fraction of the feed travels upwards through the enriching section and it is enriched in the more permeable components; the rest feed travels downwards through the stripping section and it is depleted of the more permeable components. As a result, the fastest permeating compounds are collected at the top of the setup, while the less permeable compounds are concentrated at the bottom [39, 40] .
Moreover, a CRC style can be termed as either "symmetric" or "asymmetric", depending on the way in which the individual stages of the cascade are connected. If the head stream of stage n goes to feed stage n − i and the tail stream is recycled into stage n + j, where i = j, the CRC is called asymmetric. Asymmetric CRC schemes are not included in this study and the following discussion concerns only symmetric style, as shown in Figure 3. 
RESULTS AND DISCUSSION

Validation of Model
As Author best knowledge, for propylene separation from gas mixture by ZIF-8 membrane, there is no experimental data in the scientific literature. Therefore, the present model was validated using two other kind of membranes, namely; a polyimide hollow fiber [36] . As depicted in Figure 4 , it is quite evident that there is a good agreement between literature data and the results of the present model. A comparison between CFD numerical and experimental results reveals that the error ranges between 3 and 7%. These deviations are probably owing to the assumptions given for the simulations. 
Performance Evaluation of ZIF-8 Membrane in Olefin Purification
After model validation, a simulation analysis was carried out to study the effects of the most key design and operating conditions on ZIF-8 membrane performance, in terms of propyelen composition for the permeate and retentae streams. As reported in Table 1 , simualtions was presented for propyelen purification in three cases of configurations, namely; single stage, seris multistage and CRC mutisatge. In fact, this analysis can be divided into three parts, in which the membrane surface area, pressure gradient and feed flow rate were changed.
Effect of Membrane Surface Area
The membrane area effect on the ZIF-8 membrane performance in terms of permeate and retentate stream compositions were evaluated for all configurations. This simulation analysis was carried out by considering the pressure gradient at 3.0 bar, feed flow rate 0.1 mol.s -1 and temperature 60 °C. Regarding to overall constant permeance, it should be noted that constant values of stage cuts can not be achieved by varing the membrane surafce area. Figure 5 illustrates compositions of propylene in the permeate and retenate sides versus membrane area enhancment for three membrane process configuartions. For each case, propyelene composition decreases by increasing the membrane area due to the enhancment of stage cut or all components permeance flux. According to the obtained results, it is clear that higher ZIF-8 membrane performance is attainable using CRC configuration over to other configuratrtions owing to the higher driving force. In particualr, for membrane area of 100 m 2 , the molar fraction of propylene obtained was 99.4% in the permeate stream for the CRC configuration, while it was 91.5% for the singlestage configuration. Moreover, as it is evaluable, in the CRC configuration stream losses is minimum value in multistage configurations.
Effect of Pressure Gradient
A further operating parameter that can strongly affect the ZIF-8 membrane performance is the transmembrane pressure. Regarding to the gases separation driving force in the ZIF-8 membranes, enhancement of the Pressure gradient results in a higher propylene pressure gradient with respect to other gases. As depicted in Figure 6 , for membrane area of 100 m 2 and feed flow rate of 0.1 mol.s -1 , propylene molar fraction in the permeate stream enhances by increasing the pressure gradient for most configurations.
However, for single stage case, higher pressure gradient (>3 bar) has negative effect on membrane performance. It is probably related to enhancement of propylene partial pressure in permeate side with respect to retentate side owing to no sweep gas stream. As indicated in this figure, the CRC configuration results is better over to the other configurations, especially for low transmembrane pressures.
Effect of Feed Flow Rate
Another significant parameter can be studied in this work is the feed flow rate effect. Therefore, the effect of membrane surface area on the ZIF-8 membrane performance in term of propylene compositions for permeate and retentate sides were evaluated. According to the structure of microporous ZIF-8 membranes, enhancement of the feed flow rate decreases the stage cut and consequently, improves the propylene composition in permeate side. However, as indicated in Figure 7 , the composition of propylene on both sides of the ZIF-8 membrane is increased and it is not favorite achievement. Indeed, selectivity of ZIF-8 membrane is decreased and consequently, this result can affect in all configurations as shown in Figure 7 . The performance of the ZIF-8 membrane by increasing the feed flow rate for CRC configuration is better over to the other studied configurations. Although, achieved results for series multistage configuration is close to the CRC, but lower stream loss in CRC configuration is a most important criteria for preferring this style. 
CONCLUSION
In this work, as a first approach, a simulation study on propylene sepration from a petrochemical gas steram using the ZIF-8 membrane was presented. Hence, a theoretical model by using Pro II software (Version 9) was developed to investigate the performance of a ZIF-8 membrane in propylene separation for various configuration, namely; single stage, series multistage and CRC. The model validation was carried out using the literature [36] confirming a good agreement between presented model results and literature data. After validation of the model results, this study focused on the analysis of the propylene separation obtained in the ZIF-8 membrane by varying various operating and processing parameters such as feed flow rate, membrane surface area and transmembranr pressure. It can be concluded that the propylene composition in the permeate side was decreased by membrane surface area, while the feed flow rate and pressure gradient effects were different. However, increasing of the feed flow rate has also enhancement of propylene molar fraction in retentate side and this aspect result in decrease of the membrane performance. On the other hand, among three configurations, CRC configuration indicated better performance with respect to other configurations, especially over to single stage configuration. Indeed, as general consequence, this simulation analysis presented that the ZIF-8 membranes have good application potential for propylene separation as the CRC configuration.
